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ABSTRACT 

The first calibrated broadband BVI time-series photometry is presented for the variable stars in 
NGC 2808, with observations spanning a range of twenty-eight years. We have also redetermined 
the variability types and periods for the variable stars identified previously by Corwin et al, revising 
the number of probable fundamental- mode RR Lyrae variables (RRO) to 11 and the number of first- 
overtone variables (RR1) to five. Our observations were insufficient to discern the nature of the 
previously identified RR1 star, V24, and the tentatively identified RR1 star, V13. These two variables 
are ~0.8 mag brighter than the RR Lyrae variables, appear to have somewhat erratic period and/or 
luminosity changes, and lie inside the RR Lyrae instability strip. Curiously, all but one of the RR 
Lyrae stars studied in this relatively metal-rich cluster exhibit the Blazhko phenomenon, an effect 
thought to occur with higher frequency in metal-poor environments. The mean periods of the RRO 
and RR1 variables are (P)rro =0.56±0.01 d and (P)rri =0.30±0.02 d, respectively, supporting an 
Oosterhoff I classification of the cluster. On the other hand, the number ratio of RR1- to RRO-type 
variables is high, though not unprecedented, for an Oosterhoff I cluster. The RR Lyrae variables 
have no period shifts at a given amplitude as compared to the M3 variables, making it unlikely that 
these variables are He-enhanced. Using the recent recalibration of the RR Lyrae luminosity scale by 
Catelan & Cortes, a mean distance modulus of (m — M)v= 15.57±0.13 mag for NGC 2808 is obtained, 
in good agreement with that determined here from its type II Cepheid and SX Phoenicis population. 
Our data have also allowed the discovery of two new candidate SX Phoenicis stars and an eclipsing 
binary in the blue straggler region of the NGC 2808 color-magnitude diagram. 

Subject headings: surveys — stars: abundances, distances, Population II — Galaxy: center 



1. INTRODUCTION 

J> ' NGC 2808 is one of the most luminous globular clus- 
t — . ters (GCs) in the Galaxy (My—— 9.39) and also one 
■ of the most magnificent, especially in terms of its 
t~ 1 " color- magnitude diagram (CMD). Not only is its main 
I/"} ! sequence (MS) a fusion of three distinct sequences 
interpreted as succes s ive episodes of s tar formation 
(|D'Antona et al.l 120051: iPiotto et all 120071 ) . but its hor- 
fvq \ izontal branch (HB) is multimodal with a greatly ex- 
tended hot blue tail that covers a range of ^5 mag, 
in V, below the mean level of the instabilit y strip (IS) 
(|Bedin et al.ll2000t iDaTessandro et al~ll201ih . A multi- 
modal HB is not easily explained; GCs with red HB stars 
cooler than the RR Lyrae gap are generally associated 
\ with relatively high metallicities, while those with blue 
HB stars tend to be metal-poor systems. But multimodal 
HBs do not fit into this common paradigm, and therefore 
such clusters may help provide a key in a more general 
understanding of the HBs of GCs (e.g., iCatelan et al.l 
1998at lCateiafill2008l [2009al and references therein). 

The three MS branches in NGC 2808 are thought to be 
as sociated with structures in its HB: it has been put forth 
bv lD'Antona et all (|2005| ) that the three MS populations 
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all have different helium abundances leading to three dif- 
ferent HB populations. According to their models, the 
RR Lyrae variables (RRLs) could be either the bluest ex- 
tension of the red clump population, which has a normal 
He, or they could be the reddest part of the blue clump, 
which contains stars slightly helium-enhanced (0.26< Y 
<0.29). Although the existence of the high- helium (Y~ 
0.40) population as well as the normal-helium popula- 
tion seems robust (ID'Antona et a l. 2005; Bragagli a et al.l 
l2010HPasauini et al.ll2011IL the intermediate-helium pop- 
ulation is inferred only from the HB morphology. In 
this sense, the RRLs are particularly valuable as poten- 
tial support for the existence of th e intermed i ate-he lium 
population. Similarly, m odels from lLee et al.l ()2005D and 
IDaless andro et al. (2011) predict a normal He for the red 
HB, an enhanced He for the blue HB, but by and large 
do not discuss the instability strip. 

Here an observational analysis of one of the HB com- 
ponents in NGC 2808, the RR Lyrae instability strip, is 
presented. This component is largely unexplored, espe- 
cially because RRLs were not e ven thought to be a m ajor 
constituent of NGC 2808 until ICorwin et ail pOOl dis- 
covered a number of these var iables, raising the nu mber 



of candidate RRL to 18. The ICorwin et al.l (|2004f ) vari- 



ables are all located in its crowded core, so placing the 
light curves on a photometrically calibrated scale was not 
possible then. 

However, investigating the helium enhancement of RR 
Lyrae va riables requires a knowledge of their luminosi- 
ties ( e. g..lAsano fc Sugimotol 1 19681: Ivan Albada fc Baker 
[l97lt ISweigart et al.l 119871: ICaceres fc Catelan! 120081: 
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iDalessandro et aT1l201lD . This is because their mean lu- 
minosity is a function of He. Calibrated amplitudes are 
also important because these are correlated to their T e f f 
, which in turn can be compared to t heir period to under- 
stand potential "period shifts" (e.g. JCarnev"eTaT][l99l 
ICatelanlll99l iDe Santisll200l . The period shift is usu- 
ally made between the RRLs in different globular clus- 
ters dSandagd ll981; S andage et al.l 119811 : iCarnev et al.l 
1992; San dagelll993D . and can be used as an indicator 
for [Fe/Hl, lumino sity, or Oosterhoff (Oo) type (e.g., 
iCacciari et al.l20"05h . In particular, if the enhancement of 
He is present in the RRLs, large period shifts are clearly 
expected (see, e.g. iSweigart et al.l Il987t ICatelan et al.l 
19981 IMarconi et al.ll2011t IKundeT et al. I12Q12J). 

In this paper new and archival BVI photometry of 
NGC 2808 is presented, which has allowed the first 
calibrated light curves of the RR Lyrae variables. 
The discovery of additional variable stars and the re- 
examination of the currently known variables in the clus- 
ter are also reported. Constraints from the ancient RRLs 
about the cluster's formation history are put forward. 

2. OBSERVATIONS 

The observational material for this study consists of 
2,475 individual CCD images from 38 observing runs. 
These images are contained within a data archive main- 
tained by author PBS, and include — amon g others — 
the images employed by iCorwin et al.1 (|2004[ ) , as well as 
some images obtained specifically for this project: five 
nights of observations in January 2010, two nights in 
April 2010, and four nights in January 2011, all carried 
out on the SMARTS lm telescope on Cerro Tololo. Sum- 
mary details of all 38 observing runs are given in Table [TJ 
Considering all these images together, the median seeing 
for our observations was 1.09 arcseconds; the 25th and 
75th percentiles were 0.88 and 1.35 arcseconds; the 10th 
and 90th percentiles were 0.74 and 1.69 arcseconds. 

The photometric reductions were all carried o ut using 
standard D AOPHOT/ALLFRAME procedures (|Stetsonl 
119871 119941 ) to perform profile-fitting photometry, which 
was then referred to a system of synthetic-apert ure pho- 
tome try by the method of growth-curve analysis (jStetsonl 
1990). Calibration of these i nstrum ental data to the pho- 
tometric system of lLandoItl (|1992l . see als o Landol t 1973 , 
1983) was carried out as described by Stetson (2000, 
2005). If we define a "dataset" as the accumulated ob- 
servations from one CCD chip on one night with photo- 
metric observing conditions, or one chip on one or more 
consecutive nights with non-photometric conditions, the 
data for NGC 2808 were contained within 90 different 
datasets, each of which was individually calibrated to 
the Landolt system. Of these 90 datasets, 61 were ob- 
tained and calibrated as "photometric," meaning that 
photometric zero points, color transformations, and ex- 
tinction corrections were derived from all standard fields 
observed during the course of that night, and applied 
to the NGC 2808 observations. The other 29 datasets 
were reduced as "non-photometric"; in this case, color 
transformations were derived from all the standard fields 
observed, but the photometric zero point of each indi- 
vidual CCD image of NGC 2808 was derived from local 
photometric standards contained within the image itself. 

The different cameras employed projected to different 
areas on the sky, and of course the telescope pointings dif- 



fered among the various exposures. The EMMI MIT/LL, 
FORS, SOI and WFI magers, in particular, consist of 
mosaics of non-overlapping CCD detectors. Therefore, 
although we have 2,475 images, clearly no individual star 
appears in all those images. In fact, no star appeared 
in more than 73 [/-band images, 672 B images, 564 V 
images, or 267 / images. The median number of obser- 
vations for one of our stars is 16 in U, 143 in B, 248 
in V, and 147 in I. Since most pointings were centered 
on or near the cluster, member stars typically have more 
observations than field stars lying far from the cluster 
center. 

There were insufficient i?-band images to define local 
standards in the NGC 2808 field, so we have not cali- 
brated the R data. Furthermore, during the "dan0210" 
observing run (number 19 in Table 1) there were some 38 
images apparently obtained in a long-wavelength band, 
most likely the Z-band; they were incorrectly identified 
as "bessell B" in the FITS image headers, but from the 
magnitude differences observed between red/blue pairs 
of stars, the filter evidently had a longer effective wave- 
length than /. These Z- and i?-band images were in- 
cluded in the ALLFRAME analysis for the additional 
information they give on the completeness of the star 
list and the precision of the astrometry, but we make no 
further use of them here. 

It should also be noted that calibration of /7-band data 
is notoriously problematic because significantly different 
prescriptions for the U filter are employed in different fil- 
ter sets, the quantum efficiency of many CCDs is highly 
wavelength-dependent within the U bandpass, and the 
form of the bandpass itself is further modified by the 
wavelength-dependent transparency of the terrestrial at- 
mosphere. Thus, while we have obtained [/-band pho- 
tometry for NGC 2808 and have calibrated it to the Lan- 
dolt system to the best of our ability, we do not employ 
it here for any scientifically critical inferences. 

The astrometric calibration is tied to the U.S. Naval 
Observatory (USNO) A2.0 Astrometric Reference Cata- 
log. Positions of stars encompassing our target field were 
downloaded from the USNO interface of the Canadian 
Astronomy Data Centre (CADC). From the CADC we 
also downloaded all available images of our field from the 
Digitized Sky Survey; in the case of NGC 2808, scans of 
five plates were available: one IIIaJ+GG395 (~ B), one 
IIaD+GG495 (« V), two IIIaF+OG590 (« R), and one 
IVN+RG715 (~ /) plate. Positions and magnitude in- 
dices of star-like objects in the digitized p hotographic im - 
ages were obtained using the software of lStetsorJ (|1979l) . 
These positions were referred to the coordinate system 
of the USNO A2.0 catalog employing 20-constant cubic 
polynomial transformations based on 10,000 to 22,000 
stars per plate, and averaged. Then the positions of stars 
in the CCD images were all transformed to this average 
coordinate system via cubic polynomials, and averaged. 
We find that, compared to the weighted average of all 
measured positions, the USNO A2.0 catalog has root- 
mean-square positional residuals of 0"22 in each coordi- 
nate; each of the five digitized plates had r.m.s. residuals 
ranging from 0"16 to 0"23; and the CCD positions had 
r.m.s. residuals of 0"06. Since these transformations were 
based on more than 20,000 stars, we believe that it is safe 
to say that our positions are on the USNO A2.0 astromet- 
ric system to within well under 0"1. If the USNO system 
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itself contains systematic errors larger than this relative 
to some other "true" astrometric system, then our posi- 
tions have inherited those systematic errors. We believe 
that within that overall system, our relative star-to-star 
positions are internally precise to better than 0"03 de- 
pending, of course, on the signal-to-noise ratio of the 
individual stellar detections. 
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TABLE 1 

NGC 2808 Observations 



Run ID 


Dates 


Telescopc/Camera/Detector 


u 


B 


V 


R 


I 


Note 


X LLOO 


1983 


Feb 12 


PTTO A ftm RPA 




2 


2 








2 ct84 


1984 


Mar 07 


PTTO 4 Om RPA 




I 










O U LOU 


1985 


Apr 18 


PTTO 4 Om RPA 




I 










4 pab 


1987 


^ no >-> it 

Jan 23-24 


PTTO Qm RPA 




12 


12 








aat 


1991 


Jan 13 


A AT ^ Qm CCD 1 




6 




15 






fi OTYl TY1 1 X 
V) LXllllllO 


1994 


Dec 26 


FSO NTT 3 fim FMMT TK9048FR 

IjOv/ IN X X O . Ulll 1_j1V11V1_1_ X 1VZUt:0-Lj1J 






4 




3 




7 OTY1 TY1 1 V 
1 LX111111Z, 


1995 


Mar 08-10 


FSO NTT 3 fim FMMT TK9048FR 

Xl/O v_/ IN X X . 1X111 1_j1V11V1_1_ X 1VZUt:01j1J 






18 




19 




8 zinglc 


1996 


Apr 16-19 


v_< x iu u.yiii icKZi\_o 






xo 




1U 




y dpi y / 


1997 


Apr 12 


FSO Fiiii-fVi Q1m Tolftrnm' v ^ 
xljov^ i-j LiLcn u. y lill ICKll UI11X oo 






U 




u 




_LU UOlltXO 


1997 


Jun 02 


PTTO Qm Tp1c9K ^ 

v 11V/ U . yill Xi_.IvZr.LY_O 


2 


2 


2 




2 




1 1 Krmrl ^ 
_L 1 [JOil<XO 


1997 


Nov 09-11 


CTIO n Qm TpL-9K" ^ 
v_ ± iu u.yiii ickzj\_o 


Q 
O 


Q 
O 


Q 
O 




3 




xz (xecy / 


1997 


Dec 26-27 


FSO Tlii+r-Vi Q1m ToUri-rriniv ^ 
JjJOVy i-J LlLCIl U. y lill X CKli UI11X OO 






14 




14 




xo lony 


1998 


Jan zo-zo 


FSO Tlnnicri 1 ^Am FiTTO^r 1 T nral 

xiiO w uanibii _l . o^tiii ur w o v_ - ijui ai 


(I 

u 


90 
zu 


"1 7 




xU 




14 boncl6 


1998 


Apr 17-19 


CTTCi Qm TtiV9K" ^ 
o x iu u.yiii ickzi\_o 


2 


2 


2 




2 




XO UOll{_14: 


1999 


Jun 13-16 


CTTCi Qm T^V9K" ^ 
o x iu u.yiii ickzi\_o 


4 


2 


2 




2 




1 fi wfi 1 1 

XU Willi 


1999 


Dec Uo-(J7 


F,SO MP 9 9m WFT 


g 


10 


9 






a 


1 7 hrmH7 

1_ 1 UUI1U ( 


2001 


Mar 25 


CTTO 9m Tek?K 3 

V 11U U.yiii XUlVZiiV_0 




I 






\ 




1 & wfi fi 


2002 


rco 19-21 


FSO 9 9m MP WFT 

IjOv/ Zi.Ziiii ivix vvri 




4 


4 




g 


a 


_l_y (xailUZxU 


2002 


(Jet lo-lo 


H/O v_/ Jjaillsil _L . O^tlll LT O v_ ' IVliT. X / JZjJEj V 










'ifi 




on Hjm091 9 


2002 


Dec 12-15 


F,SO Danish 1 ^4rn DFOSP MAT/FFV 

IjiJv/ Xycxllloll X . Urtlll XyX UOv IVliT. X / 1_j1_j V 




76 


72 








91 Han0^09 


2003 


tea 19-20 


FSO DanisTi 1 54m DFOSC 1 MAT/FFV 

XiOvy X^cllll&ll X . Urtlll XyX vuv lvl.fl. X / 1_j1_j V 




83 


81 








99 pmmin^D^ 

ZZ, l_X 11111 1UOUJ 


2003 


T\ If i r\ -1-1 

May 1U-11 


FSO NTT 3 fim FMMT pmrpH 

XjO v_/ IN X X O . ixlll 1_j1V11VX1. L.1111 UtX 






74 








ZO lOI SO 


2005 


Feb 16-17 


FCJO VT T fiOm PDR^9 
HiDKJ V 1j1 O-VJIIl X uuoz 




xo 


1 Q 

iy 






b 


Zi'rfc (X CLI 1 U O U 4i 


2005 


Apr 29 


FSO Danish 1 ^4m DFOSC 1 FFV 

IjiJv/ X^iXllloll X.Urtlll lyl vuv XjXj V 




23 


21 








ZO QdilUOUO 


2005 


May 12-13 


pejo rinm'QVi i film npn^r 1 PPV 




^9 
oz 










9fi frirG90fifl c i 


2006 


May 29 


PCJO VT T R Om POR^9 nr>Hf 
x^ow v Xii o.um x urvoz lcqi 








Q 

o 




b 


97 QnarDQnfi 


2009 


Feb 27 


SOAR 4 1 m SOT 

OVA1V 'i.Xlll OV/1 


10 


9 


9 




13 


b 


ZiO LlUSLUi/U^ 


2009 


Apr 16 


FSO NTT 3 fim FFOSP T,ORAT, 

XliO v_/ IN X X O . UX11 L/i vOv Lj \_s 1 lj 




240 










29 efosc09 


2009 


Apr 19-26 


ESO NTT 3.6m EFOSC LORAL 




68 


7 








30 pia 


2010 


Jan 10-15 


CTIO 1.0m Y4KCam 




15 


15 




15 




31 soarlOa 


2010 


Jan 14 


SOAR 4.1m SOI 


3 


5 


6 




4 


b 


32 soarlObc 


2010 


Jan 20-21 


SOAR 4.1m SOI 


11 


11 


7 




9 


b 


33 soarlOd 


2010 


Feb 08 


SOAR 4.1m SOI 


7 


7 


7 




14 


b 


34 soarlOj 


2010 


Oct 14 


SOAR 4.1m SOI 




30 


30 




28 


b 


35 andrcal 


2010 


Apr 27-28 


CTIO 1.0m Y4KCam 






18 


17 






36 andrca2 


2010 


Jun 27 


CTIO 1.0m Y4KCam 






4 


3 






37 Y1101 


2011 


Jan 13-18 


CTIO 1.0m Y4KCam 




46 


73 


66 


50 




38 Y1104 


2011 


Apr 14-18 


CTIO 1.0m Y4KCam 






69 


1 


57 





a eight individual CCD chips in the camera; the reported 
number of CCD images is the number of exposures x 8 
6 two individual CCD chips in the camera 



Notes: 

1. Observers J. Hesser & R. McClure 2. Observers J. Hesser & 
R. McClure 3. Observers J. Hesser & R. McClure 4. Observer 
P. Bcrgbusch 5. Observers Da Costa & Norris 6. Observer Testa, 
Project ID 054.E-0404 7. Observer Zaggia, Project ID 054.E-0337 
8. Observer R. Zingle 9. Observer A. Rosenberg 10. Observer 
H. E. Bond 11. Observer H. E. Bond 12. Observer A. Rosenberg 
13. PI L. Bedin 14. Observer H. E. Bond 15. Observer H. E. Bond 
16. Observer A. Recio Blanco, Program ID 064.L-0255 17. 
Observer H. E. Bond 18. Program ID 68.D-0265(A) 19. Observer 
T. M. Corwin, M. Catelan, & J. M. Fernandez, Program ID 
02/8232 20. Observer J. Borissova & M. Catelan, Program 
ID 02/8232 21. Observer T. M. Corwin, M. Catelan, Program 
ID 02/8232 22. Program ID 071.D-0609(A) 23. Program ID 
074.D-0187(B) 24. Observer R. Salinas 25. Observer R. Salinas 
26. Program ID 077.D-0775(A) 27. Observer M. Smith, Proposal 
ID 2008B-0482 28. Program ID 083.D-0833(A) 29. Program ID 
083.D-0544(A) 30. Observers C. Gatica & A. Brito 31. Observer 
"MSU", Proposal ID 2009B-0340 32. Proposal ID 2009A-0414 33. 
Observer Smith, Proposal ID 2010A-0312 34. Observers S. Zepf & 
M. Peacock 35. Observers A. Kunder, J. Subasavagc & J. Seron 
36. Observer A. Kunder 37. Observers A. Kunder & S. A. Stubbs 
38. Observer A. Kunder 
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TABLE 2 

Variable stars detected in NGC 2808 



Name R.A. Decl. Period (B) mag {V) mag (I)mag <B> <V> <I> A B A v At Type Comment 

(J2000.0) (J2000.0) (d) 

- LPV 
NV 

NV? large 
W/S 
index, 
poss. 
P=80 d 

NV 
NV 

16.74 16.29 15.60 1.08 0.75 0.71 RRO Blazhko 

NV 
NV 
NV 

15.91 15.28 14.47 1.02 0.73 0.47 BL Her 

LPV 

16.63 16.27 15.71 0.58 0.45 0.28 RR1 Blazhko 
16.26 15.59 14.79 0.18 0.18 0.16 W UMa? field star 

ellip- 
soidal 
binary? 

16.76 16.26 15.53 0.98 0.73 0.45 RRO 

16.84 16.29 15.46 0.46 0.38 0.23 RRO Blazhko 
16.74 16.29 15.68 0.70 0.66 0.46 RRO Blazhko 

RRO? blend 
RRO Blazhko, 
slightly 
blended 
RRO blend 

16.55 16.04 15.37 0.69 0.43 0.29 RR1 Blazhko 

RRO blend 
RRO blend 

16.50 16.08 15.47 0.56 0.34 0.16 RR1 Blazhko 
16.18 15.66 14.83 0.54 0.24 0.19 W UMa? properties 

uncer- 
tain 

RRO blend 
16.47 16.15 15.63 0.53 0.42 0.32 RR1 Blazhko 

RRO blend 

16.56 16.25 15.76 0.64 0.53 0.36 RR1 Blazhko 
15.52 14.84 13.92 0.70 0.52 0.38 BL Her 

17.85 17.49 16.84 1.42 E detached 

eclipsing 
binary 
LW1 
LW2 
LW3 
LW4 
LW5 
LW6 
LW7 
LW8 
LW9 
LW10 
LW11 
LW12 
LW13 
LW14 
LW15 
LW16 
LW17 
LW18 
LW19 
LW20 

poss. 
second 
period of 
P=0. 04011174 

C54 09 11 40.25 -64 53 12.8 0.441618 18.70 18.29 17.73 18.69 18.29 17.73 0.30 0.28 0.26 EB 



VI 


09 


12 


9(| 


22 


— 64 


52 


9() 






14 




13 


4 


12 


2 


V2 


09 


1 1 


55 


66 


—64 


51 


10 






15 


92 


14 


64 


13 


23 


V3 


09 


12 


08 


38 


— 64 


51 


47 


3 




16 


83 


15 


82 


14 


64 


V4 


09 


11 


33. 


77 


-64 


51 


43. 


.8 




19. 


00 


18 


.09 


16 


.96 


V5 


09 


12 


09 


57 


— 64 


51 


52 


.4 




16. 


62 


16 


49 


16 


.25 


V6 


09 


12 


30. 


08 


-64 


56 


37. 


9 


0.538968 


16. 


75 


16 


.31 


15 


.62 


V7 


09 


13 


13. 


13 


-64 


50 


46 


.5 




15. 


16 


13 


.54 


11 


,82 


V8 


09 


12 


06. 


56 


-64 


53 


49. 


.3 


- 


15. 


83 


14 


.76 


13 


,50 


V9 


09 


H 


53. 


06 


— 64 


54 


24 


.3 




16. 


82 


16 


.24 


15 


.41 


V10 


09 


11 


56. 


86 


-64 


53 


23 


.2 


1.76528 


15. 


92 


15 


.30 


14 


,48 


Vll 


09 


12 


06. 


72 


— 64 


52 


40 


.3 




14. 


5 


12 


.9 


11 


.1 


V12 


09 


11 


56. 


.15 


—64 


50 


09 


.6 


V. olio 77b 


16. 


62 


16 


.26 


15 


.72 


V13 


09 


12 


23. 


35 


—64 


57 


10. 


.6 


n 1 7QC7Q 


16. 


09 


15 


52 


14 


.76 


V14 


09 


12 


13. 


40 


-64 


51 


04 


.0 


0.598903 


16. 


75 


16 


27 


15 


.53 


V15 


09 


12 


10. 


01 


-64 


51 


15 


.7 


0.610975 


16. 


82 
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3. VARIABLE STARS IN NGC 2808 

Several authors have reported variable stars in 
NGC 2808. The first finding chart o f seven variables 
was published by iFourcade fc Labord c (1966), although 
five of these are now tho u ght to be actua lly non- varying 
(|Clement fc Hazenlll989h . lAlcainol (|1971l ) identified two 
further variable s, which were also later determined to 
be non-varying (IClement fc Hazed Il989l ). The study by 
IClement fc Hazed (|1989f ) produced three new variables, 
bringing the number of confirmed variables to five. With 
the advent of mode rn CCD obse r vation s and data re- 
duction techniques, iCorwin et al.l (|2004fl announced 18 
new variables close to the crowded cluster core. Unfor- 
tunately, because of the compact nature of this cluster, 
they were unable to place the light curves on a photo- 
metrically calibrated scale. The first candidate variable 
sta rs using the Hubble S pace Telescope (HST) were found 
bv iDieball et al.l (|2005lL As the HST observations were 
taken over four days only, reliable light curves and pe- 
riods for the six variable candidates were not obtained. 
One of their candidates co r respo nds with V22, an RRL 
identified by ICorwin et al.l (|2004T) , and the rest of their 
candidates are considerably fainter. Long-period vari- 
ables (LP Vs) were searched for by iLebzelter fc Wood! 
(|2011l ). resulting in the determination of periods and am- 
plitudes for 15 LPVs. 

Besides the LPVs, no calibrated CCD time-series pho- 
tometry has been presented for any of the confirmed vari- 
ables in NGC 2808. The time-series observations pre- 
sented here cover a baseline that allows for the potential 
to detect variability on time-scales from hours to months. 
Therefore, we are in a position to re-examine and revise 
the list of variables in the cluster. 

The characteristics of the confirmed variables are given 
in Table[2J Although seven previously identified variables 
were too blended to derive reliable calibrated magnitudes 
and amplitudes, we were able to obtain periods for these 
stars from their instrumental light curves. The positions 
of all the variables, as well as for the constant stars (NV) 
that have been incorrectly identified as variables by oth- 
ers, are also listed for completeness. We estimate that the 
astrometry presented is accurate to better than 0.1 arc- 
seconds (see §2). The columns contain (1) the name of 
the variable as giv e n in t he 2011 update of NGC 2808 in 
the IClement et all (|2001D catalog, (2) the right ascension 
in hours, minutes and seconds (epoch J2000), (3) the dec- 
lination in degrees, arcminutes and arcseconds, (4) the 
period in days, (5-7) the magnitude-weighted mean B, 
V, and /, respectively, (8-10) the intensity-mean B, V, 
and I, respectively, (11-13) the B-, V- and /-amplitude, 
respectively, (14) the type of variable, and (15) any com- 
ments. 

The following sections provide the details of the vari- 
ables in NGC 2808, including the redetection of previ- 
ously unknown variables. 

4. RR LYRAE VARIABLES 

All of the RRLs presented in ICorwin et al.l (|2004[ ) are 
recovered and found to be varying. Due to the compact 
nature of NGC 2808, extreme crowding and blending is- 
sues p revented us from det ermining magnitudes for some 
of the ICorwin et al.l (|2004| ) variables. 

The ground-based data presented here gives satisfac- 



tory magnitudes a nd amplitudes for fo ur (out of ten) 
stars classified by ICorwin et al.l (|2004l ) as RR0 Lyrae 
variables, and seven (out of eight) stars classified as RR1 
(or possible RR1) stars. Five of these eight possible RR1 
stars are bona fide first-overtone (FO) pulsators, whereas 
we could not confirm V17 as an RR1 variable. Also, the 
two suspect RR1 variables, V13 and V24, are found to be 
too bright to be RRLs belonging to the cluster, and are 
discussed in more detail below, in §8. Time-series HST 
observations would be useful to resolve the other severely 
blended variables. We note that the existing HST ob- 
servations of NGC 2808 are too deep for our purposes, as 
the RRLs are saturated. 

The light curves of the RR0 Lyrae variables are pre- 
sented in Figure [1] and the RR1 stars ar e shown i n Fig - 
ure p The template- fitting rout ines from ILavd cn (1998) 
and lLavden fc Saraiedinil (|2000D were used to fit the data 
for the determination of the pulsation amplitudes. The 
mean magnitudes were obtained by averaging the results 
from the largest possible number of cycles. The differ- 
ence in the magnitudes as determined from the template- 
fitting routines and from averaging over all observing 
runs is between 0.001 and 0.03 mag, depending mainly 
on the scatter about the template fit. Our periods for 
V17, V19, V21 and V25 are uncertain, as we were un- 
able to find reasonable phased light curves for these stars 
from our data. Our best period for V17, P ~0.5 d, sug- 
gests that this star is an RR0 Lyrae star or possibly a 
double-mo de variable (RR01) i nstead of an RR1 as sug- 
gested by ICorwin et al.l (|2004[) . The globular clusters 
M3 and IC 4499 are known to have RR01 variables with 



periods falling between 0.46 and 0.50 d ( Corwin et al 
1999HClementini et al.ll20p: IClement et al.1fT985; Walkc 



1996), and V17, V19 and V25 have periods within this 



general range. 

The mean periods for the 11 RR0 Lyrae stars (includ- 
ing V17) and 5 RR1 stars are {P) RR0 =0.56±0.01 d and 
(P)rri =0.30±0.02 d, respectively. Upon the omission 
of V17, {P} RR0 =0.56±0.01 d is found, and also ex- 
cluding V19, V21 and V25, gives (P) RR0 =0.58±0.01 
d. The ratio of RR1 to total RR Lyrae stars, Ni/N RR , 
is 0.31 (0.38 i f VI 7 is an RR1 Lyrae star). As noted in 
ICorwin et ail ([200l . the mean periods of the RR1 and 
RR0 Lyrae stars are similar to those found in the typical 
Oosterhoff I (Ool) clusters, whereas the Ni/N RR ratio is 
more in line with Oosterhoff II (OoII) clusters. However, 
Oosterhoff type I systems with similarly high RRl-type 
numb er fractions are not unprecedented (e.g., iCatelanl 
2012, and references therein). 

Except for V14, all of the RRLs show evidence of 
light curve mo dulation, likely due to the Blazhko effect 
(|Blazhkolll907| )-a poorly understood effect that appears 
as a cyclic modulatio n of shape and amplitude of the 
light curve (see e.g., iKolenbergl 1201 ll for a recent re- 
view). Despite the relatively short time baseline of the 
ICorwin et al.l ((2004) observations (two nights in Decem- 
ber 2002, and two nights in February 2003), this modula- 
tion is seen in many of their light curves as well. Assum- 
ing there are 1 1 RR0 Lyrae variables and 5 RR1 variables 
in the cluster, a lower limit of 27% and and an upper limit 
of 91% of the RR0 variables exhibit Blazhko behavior, 
and 100% of the RR1 exhibit Blazhkocity. Period dou- 
bling is an effect that would cause lig ht curve scatter 
predominantly at maximum light (e.g. Kolcnbcr g et al.l 
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Fig. 1. — Presentation of the phased BVI light curves of 
fundamental- mode RR Lyrae variables in NGC 2808. 
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Fig. 2. — Phased BVI light curves of the first-overtone RR Lyrae 
variables in NGC 2808. 



201Q|) , and it may be some of these stars (e.g., V6) are 
period doubling candidates. Although our observations 
span many years, the sporadic spacing and sparse con- 
secutive sampling of our observations is not sufficient to 
confirm period doubling or derive Blazhko periods. 

Large period-change rates can also introduce scatter 
in the light curves, and especially since our images span 
~28 years, some of the light curve scatter may be due 
to a rapidly changing period. However, a period change 
would shift the whole light curve in phase space, and 
not cause the variation of the shape and amplitude of 
the light curve, as is clearly seen in our data. We sepa- 



rated the light curves into different epochs of photometry 
and attempted to derive periods for the different sub- 
sets. However, these individual subsets were insufficient 
to produce period change rates that could account for 
the light curve scatter- the scatter always pointed to an 
erratic, rather than a secular, period change. It may also 
be that some of the RR1 stars are in fact double-mode 
pulsators, although our search for secondary periods did 
not reveal any apparent multiple frequencies. 

It is worth mentioning that faint neighbor stars may 
be contaminating the stellar PSF profile used to obtain 
our photometry. Also, inaccurate entries in the FITS 
headers of the archival images may contribute scatter in 
the light curves. We stress that we have no specific ev- 
idence for contaminated PSF fits, or of incorrect header 
dates, times, or filter identifications in the images em- 
ployed here. But we do remain alert to the fact that 
PSF fitting in such crowded fields from instruments with 
different pixel scales and under different observing condi- 
tions is challenging, and also the hardware and software 
that filled in the metadata for the images were occasion- 
ally flawed, especially in the earlier years. 

The Blazhko effect has been shown to occur more often 
in RRO variables with short periods (P <0.55 d, Jurcsik 
et al. 2011; see also Preston 1964). As all the NGC 2808 
RRO Lyrae variables are Ool-type, which on average have 
shorter periods than OoII-type variables, a large amount 
of Blazhko variability in the RRO variables is consistent 
with this result. As far as the RR1 stars are concerned, 
a large fraction of Blazhko variables is uncom mon, but 
not unprecedented ([Arellano Ferro et al.ll2012|) . 

4.1. The Color-Magnitude Diagram 

Figure [3] shows the positions of the RRLs in the color- 
magnitude diagrams for NGC 2808 in V versus (a,c) B-I 
and (b,d) V-I. Figures [3k. an d [3b give an expanded 
view of the HB. 

The mean apparent magnitude for the RRLs is my,RR 
= 16.21 ± 0.04 mag, where the confidence interval is the 
standard erro r of the mean . This is in excellent agree- 
ment with the IWalkerl (| 1999T) estimate of my.RR = 16.22, 
obtained by comparing its red HB clump, Vrhb, with 
that of NGC 1851 and NGC 6362, both of which have 
a similar [Fe/H] and assuming my,RR - Vrhb=— 0-08 ± 
0.01. Adopting [Fe /H] =-1.14 dex on the lCarretta et all 
(2009) metallicity scale, ([Fe/H] =-1.00 dex on the 
scale of Carretta & Gratton 1997, [Fe/H] =-1.05 dex 
on the Kraft & Ivans 2003 scale) and using the re- 
cent recalibration of the RR Lyrae luminosity scale by 
ICatelan fe Cortesl(|2008f ). the RR Lyrae variables have an 
absolute magnitude of My=0.70±0.13 mag. This leads 
to an RR Lyrae distance of (m — M)v : rrl — ^5.57±0.13 
and using F,(B-V)—0.17 mag (see below, §4.3), (m — 
M)o,iiKL=T5-04±0.13 mag. Similarly, using a quadratic 
relation between RR Lyrae absolute magnitude and 
metallicity from Bono, Caputo, & di Criscienzo (2007), 
the RR Lyrae My=0.76±0.08, where 0.08 is a rea- 
sonable error in the RR Lyrae absolute magnitude- 
[Fe/H] zero-point calibration. This leads to an (m — 
M)y,^i=15.51±0.09 and (m - M) . RRL =U.98±0.09 
mag. 

As seen in Figure [31 two stars are found at magnitudes 
brighter than the majority of the RRL stars. These are 
the RRl-type variables V20 and V23, and they are ~0.25 
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Fig. 3. — NGC 2808 color-magnitude diagram showing the loca- 
tion of the variable stars studied in this survey. The bottom two 
plots [c.d] show those found along the HB are clearly RR Lyrae 
stars, while those found brighter than the horizontal branch are 
the BL Her stars. Those variables along the giant branch are the 
LPVs. The SX Phoenicis stars are the faintest variables in the 
CMD. In the top two plots [a,b] a close-up of the HB is shown. 



ular period change rates, but note that finding period 
change rates of Blazhko stars is an espec ially challeng- 
ing t a sk requiring lar ge amounts of data ()Kunder et al.l 
120111) . Sandage] (|1990D show that metal-rich clusters tend 
to exhibit a larger spread in RR Lyrae absolute magni- 
tude (~0.5 mag for [Fe/H]=-1.01), and the spread in V 
we find for the RR Lyrae variables is consistent with this 
estimate. 



(a) V23 




(b) V20 

Fig. 4.— Stack of all available HST images of NGC 2808 centered 
on (a) V23 and (b) V20, the two brightest RR Lyrae variables in 
our sample. Each image is 4 arcseconds on a side, where North is 
up and East is left. 



mag brighter than the rest of the variables. We do not be- 
lieve these stars are blended, although they both lie fairly 
close to the center of the cluster. Figure |3] shows thumb- 
nails of a stacked HST image centered on these stars. 
There is no bright neighboring star within ~1.5 arc sec- 
onds of V23, and V20 is about 1.0 arcseconds away from 
three relatively bright stars. Although this could con- 
tribute to slight blending, the contamination is at the 
level of a few percent — not much more than the uncer- 
tainty in the photometry. Because these stars have colors 
that overlap with the bluest part of the RR0 Lyrae region 
in the CMD, they may reside in the either- or region of 
the IS, where the transition between RR1 and RR0 takes 
place and where both first-overto ne and fundamental- 
mode RRLs can be found fe.g.. Ivan Albada fc^ Bakcr 
1971 ICanuto et allll978l IStellingwerfj 1197ft IBono eTal 
1995a). It may be that these stars have evolved fur- 



ther from the zero-age HB and are thus more luminous. 
Their periods, however, are not abnormally long for RR1 
variables. We also do not see any evidence for large sec- 



Figure [S] shows the V,(V-I) CMD with the blue HB, 
the red HB and the RRL IS. Two Zero Age Horizon- 
tal Br anches (ZAHBs) from the Ba STI a-enhanced HB 
tracks (jPietrinferni et al.ll2004l2006[ ) with [Fe/H]=-1.01 
dex are over-plotted. One has a helium abundance of 
y=0.248 and the other has F=0.30. An apparent dis- 
tance modulus of (m — M)y=15.7 mag matches the ob- 
served mean magnitude of the red HB for the normal 
He track. This is ~0.13 mag fainter than the distance 
modulus obtained from the RR Lyrae variables. One 
always expects the evolutionary mean level of the RR 
Lyra e stars to be di fferent from the ZAHB, as shown by 
e.g., iCatelanl (fl99l . For the metallicity of NGC 2808, 
the difference between the ZAHB and the average RR 
Lyrae magnitu de is pred icted to range from ~0.18 mag 
(|Catelanl 11991) to ~0.1 (|Gallart et al.lf2005h . consistent 
with what is found here. Therefore, a ZAHB with a 
primordial He abundance fits the observations well, sug- 
gesting that the majority of the RRL instability strip is 
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not helium enhanced. We also show the BaSTI evolu- 
tionary tracks for O.57M and 0.60M Q HB stars. The 
BaSTI tracks also indicate that most of the NGC 2808 
RR Lyrae stars have a rather small mass range of 0.57 - 
0.60M m . 



15.5 




even farther from the lArellano Ferro et al.l (|2012f ) OoII 
relation than to the one shown in Figure |H 

The variables all occupy the area of the PA di- 
agram where the M3 RRL as well as where other 
Poster hoff I RRLs hav e been shown to reside (e.g., 
IClement fc Sheltonl[l999T l. The position of a star in this 
diagram ca n be affected by the presence of the Blazhko 
effect (e.g.. lCacciari et al"1l2005|) . and as discussed above, 
almost all the RR Lyrae variables presented here show 
signs of this phenomenon. Because the light curves pre- 
sented here have a large number of observations, it is 
straightforward to determine the amplitudes using the 
average light curves of the Blazhko stars. Nevertheless 
a visual determination of the change in amplitude in 
each Blazhko RRO is obtained and shown as a symmet- 
ric error-bar in the figure. The change from the average 
light curve amplitude to the maximum Blazhko ampli- 
tude ranges from ^0.1 - 0.4 mag. Even when taking the 
amplitude variation due to the Blazhko cycle into ac- 
count, the variables are all Ool-type. We note that our 
assumption of a symmetric Blazhko amplitude change 
may overestimate the lower amplitude value, as exhib- 
ited for example by the shortest-period RR Lyrae vari- 
able V23. The light curve of V23 does not seem to show 
amplitudes that go down to zero at some points; its error- 
bar reaching to almost zero is an artifact of assuming 
symmetric error bars. Such an overestimate would not 
change our conclusion that all the variables are Ool-type. 



Fig. 5. — Optical CMD of the cluster HB compared to theo- 
retical ZAHBs for Y=0.248 (heavy solid) and Y=0.30 (dashed). 
BaSTI HB evolutionary models are also shown for M=O.58M0 and 
M=0.60M Q HB stars with Y=0.248. 



4.2. Period- Amplitude Diagram 

Figure [5] shows the period-amplitude (PA) diagram 
for the RR Lyrae stars. Also shown in the B- and V- 
amplitude plane are typical lines for Ool and OoII clus- 
ters, where the fund amental-mode PA rel ation is derived 
from the M3 RRL (|Cacciari et al.l I2005D and the first- 
overtone PA relation i s derived from the NGC 5286 RRL 
(|Zorotovic et al.|[20i0t) . The Oosterhoff loci of the RRLs 
in the /-amplitude plane is determi ned using Ay = 1- 6 
x Ai, as determined from Table 6 of lLiu fe Janes! (|1990f ). 
These relations then become: 

a rro = _i.64_ 13.78 bgp- 19.30 logP 2 (1) 

a rri = _ 25 _ L10 i og p ( 2 ) 

for fundamental-mode and first-overtone RR Lyrae stars 
in Ool clusters and 

Af m = -1.64- 13.78(logP- 0.04) 

- 19.30(logP-0.04) 2 

Af R1 = -0.15- 1.15 logP (4) 

for RR Lyrae stars in OoII clusters. The period-7- 
amplitude relation d e rived for the OoII stars in M53 by 
lArellano Ferro et al.l (|2012l ) has a shallower slope that 
extends to longer periods, so the NGC 2808 RRLs fall 




0.2 0.4 0.6 0.8 



Period [d] 

Fig. 6. — Position of RR Lyrae stars on the period-amplitude 
diagram for V (bottom), B (middle) and / (top). Solid lines are 
the typical li nes for Ool clu s ters a nd d ashed lines for OoII c lusters, 
according to Cacciari et al. (2005) and Zorotovic et al. (2010). Be- 
cause all of these stars exhibit the Blazhko effect, the error-bars 
designate the change in amplitude from the average light curve 
amplitude to the maximum Blazhko amplitude. 



4.3. RR Lyrae Reddenings 

The interstellar extinction toward NGC 2808 is rela- 
tively large (E(B-V) = 0.19 mag; 2010 edition of lHarrisI 
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TABLE 3 

Reddening Determinations from RR Lyrae variables in 
NGC2808 



Name 


(V-7) mi „ 


E(V-I) 


V6 


0.76 


0.18 


V14 


0.81 


0.23 


V15 


0.84 


0.26 


V16 


0.77 


0.19 



1996) and differential reddening is a lso thought to affec t 
the stellar colors (AE(B-V)=0.02 iPiotto et al.l 120071 ). 
Recent E(B-V) values used for this cl uster vary from 
E(B- V) = 0.13 (iCastellani et al.l l200l to E(B-V) = 
0.23; (jPiotto et al.1 120021 ). Here the minimum light col- 
ors of the RR0 Lyrae variables are used to investigate 
the reddening of NGC 2808. 

Fundamental-mode RRLs are known for their dramatic 
light variations, one of the reasons these stars are a par- 
ticularly fun target to observe. At minimum light, how- 
ever, RR0 L yrae stars exhibit a much narrower temper- 
ature range (|Prestonlll959l : lLublll977t iFernlev fc Barnes! 
1996). This property has been used as a to ol for measur- 
ing the interstellar reddening towa r d RRLs (lSturchlll966l : 
Blanco! [1991 iMateo et all Il995t iKunder et all 120101 ) . 
Guldenschuh et all (|2005[ ) showed that at minimum light 
(phase between 0.5 and 0.8) the color of RR Lyrae stars 
is (V-I)q min — 0.58 ± 0.02, and that this property is 
largely independent of period, amplitude and metallic- 
ity. 

The observed V-I color at minimum light was calcu- 
lated from both the best-fit light-curve templates as well 
as the observed data. The values agreed to within 0.01 
mag, and are listed in Table [3] The number of data 
points in our V and / light curves that fall between a 
phase of 0.5 - 0.8 is between 35 and 200. 

The average E( V-I) is 0.215 ± 0.02, or assumin g 
a standard reddening law (e.g., iCardelli et all Il992f) . 
E(B-V) is 0.17 ± 0.02. This is slightly smaller, but 
still co nsiste nt with t he red dening found bv iBedin et all 
(2000) and iWalkerl (Il999h . It is also smaller than 
the iSchlegel et all ([1998D estimate of E(B-V)= 0.23, 
but the latter reduces to 0.18 - in excellent agree- 
ment with our results - after applyi ng the correc- 
tion suggested bv lBonifacio et all ([2000D . Our E(B-V) 
val ue agrees remarkably we ll with the values adopted 
by iD'Antona fe Caloil (l200l) . lDalessandro"et~aT1 ([20lTf ) 
and iMilone et al.l (|2012( ) when fitting isochrones to 
N GC 2808 

iWal kcr (1998) showed that the blue edge of the insta- 
bility strip in GCs appears to have a constant B-V over 
a wi de range of metallici t y, wit h (B-V)q fbe = 0.18 ± 
0.01. IMackev fc Gilmore! (l200l find ( V-I) fb f = 0.28 
± 0.0 2, based on two Fornax GCs. Since then iSandagd 
( 2006) found that a small dependence with [Fe/H] exists 
at the blue fundamental edge, with (B-V)q j fbe vary- 
ing parabolically by 0.02 mag between [Fc/H] = —0.08 
and —2.3 dex. The bluest RRL in our admittedly small 
sample has B-V = 0.31 mag and V-I = 0.49 mag. This 
suggests an upper limit of E(B-V) = 0.13 ± 0.02 if using 
the value of the FBE from I Walker] ([1999D and E( V-I) = 
0.21 ± 0.02 or E( B-V) = 0.17 ± 0.02 if usi ng the value 
of the FBE from IMackev fc Gilmore] ([2003D . The color 
excess values derived from both the blue edge of the IS 



and from the RR Lyrae minimum light colors are smaller 
than the generally adopted reddening value for NGC 2808 
of E(B-V)~0.19. To conclude this paragraph it is worth 
mentioning that the mean color of an RR Lyrae star can 
be different from the color of the "equivalent static star" 
(ESS), and the ESS color is the one that is used in such 
applications. Close to the blue edge of the IS, the dif- 
ference between different definitions of mean colors and 
the color of the ESS is of order 0.01 mag - see Table 4 
in Bono et al. (1995b). This would not change our con- 
clusions that a slightly smaller value for E(B-V) is in 
agreement with the results from the RRL minimum light 
colors. 

5. LONG-PERIOD VARIABLES 

LPVs are radially pulsating stars on the giant 
branch. Especially because their pulsation is one of 
the several linked phenomena that control the end- 
point of stellar evolution, LPV investigations provide 
important constraints on models of stellar evolution 
as well as the i njection of mass into the interstel- 
lar m edium (e.g.. | Arndt et allll997t iMennessier fc Liiril 
120011 : iMcDonald et all 120101: iLebzelter fe Wood! 120111 ). 
LPVs generally show periodic variations in brightness 
with periods of ~30 up to a few thousands of days 
and amplitudes ranging from several tenths to ap- 
proximately ten magnitu des in the visual. Recently 
ILebzelter fc Woodl ([20111 ) identified twenty LPVs in 
NGC 2808 and claimed that a high helium abundance 
of V^0.4 is required to explain the periods of several of 
the LPVs. Irregularities in the light change were noted 
on top of the periodic variations. 

The BVI light c urves for these stars , phas ed with the 
periods obtained bv lLebzelter fc Woodl ()2011l ). are shown 
in Figure [7] Their mean magnitudes are listed in Ta- 
ble [2] Unfortunately our time coverage is not suitable 
for a definitive investigation of the LPVs, and we do not 
derive periods or discuss these stars in detail here. How- 
ever, as Figure [8] s hows, we do note t hat the W/S vari- 
ability index ([Welch fc Stetson] 119931 ) tends to confirm 
that the LPVs are indeed variabl e . Som e of the peri- 
ods reported bv lLebzelter fc Woodl ([20111 ) failed to phase 
our light curves properly, but it is difficult to ascertain 
whether the periods are wrong or whether the scatter is 
merely caused by irregularities in the light curves. Espe- 
cially sin ce the three LPVs with t he longest periods, as 
found bv lLebzelter fc Woodl (p?LUl) . were used to infer a 
V~0.4 to explain their LPV observations, more epochs 
would be useful. 

6. SX PHE STARS 

SX Phoenicis stars (SX Phe) are of particular inter- 
est in Galactic GCs, because the region of the instabil- 
ity strip which they occupy is coincid ent with the blue 
straggler region (e.g.. lJeon et"aL|[200l . This means that 
they have an unusual life history which is not well under- 
stood as it cannot be explained in terms of the standard 
single star evolution scenario. One method that may 
assist in the as-yet-unsolved issues of blue straggler star 
(BSS) formation is an analysis of their pulsation frequen- 
cies, which can pr ovide information on the interiors of 
SX Phe stars (e.g. iBruntt et al| [200ll: lOlech et all [2001 
ICohen fc Saraiedinill2012r) ~ 

We have identified the first candidate SX Phe stars 
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Fig. 7. — Presentation of the phased light curves of LPVs in 
NGC 2808. The B (top), V (middle) and I (bottom) light curves 
are shown in the same panel. The B and / light curves are offset 
by an arbitrary amount for clarity. 
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Fig. 7.— LPVs in NGC 2808 continued 

in NGC 2808, and their light curves are shown in Fig- 
ure [5] Many SX Phe stars exhibit multiple periods 
and it is likely that C53 has multiple frequencies as 
well. The amplitude spectra of C53 for original data 
and after pre-whitening with subsequent frequencies is 
shown in Figure 1101 The ratio of the periods is equal to 
Pi/Pq = 0.77, in good agreement with observed dou- 
ble mode pulsators that oscillate i n the fundamental 
mode and the first overtone (e.g.. lAlcock et al.l 120001: 
Pigulski et all 120061: iMcNamara et al.l 120071: iGarg et al.l 
2010f h The theoretical period-ratio of the first-overtone 
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Fig. 7.— LPVs in NGC 2808 continued 
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Fig. 8. — The Welch-Stetson variability index for the LPVs, the 
non- variable stars, and the BL Her and RRL stars is plotted against 
the V magnitude. The non-variable star, V3, also has a relatively 
large W/S index. 

to the fundamental radial mode for SX Phe pulsators 
with Z= 0.001 ([M/H1=-1.27) falls in the range from 0.77 
to 0.79 (|Santolamazza et al.l^OOl . with Pi/P increas- 
ing with increasing [M/H]. As NGC 2808 has Z-0.002, 
the period ratio obtained here is well in line with the 
theoretical period-ratio for double-mode SX Phe stars as 
well. 

Figure ITT1 indicates that the periods and l/-amplitudes 
of the SX Phe stars in NGC 2808 are consistent with 
those in other Galactic GCs. Figure|3]shows the positions 
of the two SX Phe stars in the color-magnitude diagram. 
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As expected, the SX Phoenicis stars are located in the 
blue straggler region, brighter and bluer than the main- 
sequence turnoff point. 

Using 153 6 Scuti and SX Phe stars i n w Cen, M55, 
Carina, and Fornax, iPoretti et al.1 (|2008[ ) derived an SX 
Phe period-luminosity relation 

M v = -1.83 - 3.65 log P, (5) 

with a standard deviation of a = 0.18 mag. They noted 
that scatter in this relation is likely caused by the ex- 
istence of different pulsation modes in many SX Phe 
stars — which are not always straightforward to identify — 
and the presence of subluminous SX Phe stars. Using 
this relation and the SX Phe stars found here, the aver- 
age distance modulus to NGC 2808 is (m — M)v,sxPhc = 
15.58 ± 0.12 mag, where th e confidence interval is the 
standard error of the mean. ICohen fc Saraiedinil (2012) 
derived a period-luminosity relation from double-mode 
SX Phe stars in 27 Galactic GCs, and using their rela- 
tion with our double-mode SX Phe star, C53, a distance 
modulus of (m — M)v,sxPhe = 15.60 ± 0.10 mag is found, 
where the error is the residual in the ICohen fe Sarajedinil 
(2012) period-luminosity fit. The two SX Phe distance 
estimates are in excellent agreement with each other and 
are also similar to the distance found using the RR Lyrae 
variables. 
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Fig. 9. — Phased BVI light curves of the SX Phe stars identified 
in NGC 2808. The primary period is used to phase the light curve 
of C53. 
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Fig. 11.— The NGC 2808 SX Phe stars periods and V-amplitudes 
(filled circles) as compared to the periods and amplitudes of SX 
Phe stars from 27 differe nt Galactic GCs (crosses) compiled in 
Cohen & Sarajedini (2012). 




Period [d] 

Fig. 10. — Fourier spectra of C53: (top) for original V-filter obser- 
vations, (middle) after pre-whitening with period Pi = 0.05181966 
d, (bottom) after removing terms with periods Pi and P2 = 
0.04011174 d. The ordinate scales in all panels are the same. 
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7. POPULATION II CEPHEIDS 

Population II Cepheids (P2Cs) with periods between 
about 1 and 8 days are usually designated BL Her vari- 
ables. These stars are more luminous than RRLs and in 
GCs are usually found in clus ters with a blu e HB mor- 
phology and few RRLs (e.g., iCatelanl l2009al ). BL Her 
variables obey a well-defined period-lumino sity relation 
and can be used as dist a nce indicators (e.g. IPritzl et al.1 
120031 iFeast et all 120081 : iMatsunaga et all 120091 120111 ). 
We confirm V29 and V51 as BL Her variables and derive 
updated periods and BVI magnitudes. The light curves 
are shown in Figure [12j Figure [13] shows the periods and 
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Fig. 12. — Phased BVI Light curves of the BL Her stars in 
NGC 2808. 

-B-amplitudes of the BL Her stars in NGC 2808 as com- 
pared to those in other GCs and t he field. The data for 
the field BL Her stars comes from lKweel (1968) a nd th e 
data for the GCs was assembled from lPritzl et al.l (|2003h . 

Although V51 has properties indicative of a BL Her, 
there is more scatter in its phased light curve than for the 
other two presented here. The scatter may be caused by a 
secondary period, but BL Her stars are generally thought 
to be pulsating in one mode, presumabl y the fundamen- 
tal. As shown in iSchmidt et al.l (|2005[ ) , light curves of 
BL Her stars are not always very stable, and that may 
be the case here as well. More observations would be 
especially helpful to investigate this star in more detail. 

Using the ab solute magnitude relations from 
IPritzl et all (|200l . 
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-1.64(±0.05) logP + 0.05(±0.05), (6) 



M B = -1.23(±0.09) logP + 0.31(±0.09), (7) 



Mi = -2.03(±0.01) logP - 0.36(±0.03), (8) 
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Fig. 13. — Period-amplitude diagram of the BL Her st ars in 
NGC 2808. The triangles represent field BL Her stars from iKweel 
[Tt968h whereas th e open circles represent GC BL Her stars from 
IPritzl et all (2003ft . 



TABLE 4 

Distance Determinations from BL Her variables in 
NGC 2808 



Name 


Period (d) 


(m - M) ,B 


(m - M) 0-V 


(m - M) ,i 


V10 


1.76528 


15.21±0.10 


15.11±0.07 


15.03±0.06 


V29 


2.22211 


14.94±0.10 


14.83±0.07 


14.68±0.06 


C51 


2.10797 


15.12±0.10 


15.04±0.07 


14.97±0.06 



the distance modulus to NGC 2808 is found for all 
three passbands and listed in Table 2J The errors in- 
dicate the rms deviation of each relation. We adopt 
E(B-V)=0.17 mag (see §4.2) and assume the canoni- 
cal Galactic coefficients of selective extinction, Ry=3.1, 
i?B=4.1 and i?/=1.8. The mean distance modulus is 
(m — M) ,BLHer= 14.99±0.06, where 0.06 is the error in 
the mean (and does not take into account the rms in the 
abs olute magnitu de relations). This is slightly lower than 
the iHarrid (|1996f ) value of (m — M )o= 15.06 (obtained 
u sing the same redd ening) . 

IPritzl et al.l (|2003t ) calibrate these absolute magnitude 
relations using P2Cs from NGC 6441 and NGC 6388, 
clusters m ore metal-ri c h than NGC 2808 . How e ver, a s 
shown by iMcNamaral (|1995l) and IPritzl et all (|2003[) , 
there is no convincing evidence that the absolute magni- 
tudes of these variables depend on [Fe/H]. 

8. OTHER VARIABLES 

V30 - V30 was discovered bv lCorwin et all (|2004l ) and 
identified as an eclipsing binary star. Its light curve is 
shown in Figure 1161 and is a detached eclipsing binary. 
Although its y-light curve is relatively complete, more 
observations, especially in the B and / passbands, would 
be helpful to determine the minima of the eclipse. 

C54 - This is a new candidate variable star, an equal- 
light eclipsing binary located in the blue straggler region 



NGC 2808 variables 



15 



of the CMD (see Figure[3]). From a sample of 14 G Cs and 
20 blue straggler contact binaries, iRucinskil (|2000l ) found 
that their frequency of occurrence is one such system 
(counted as one object) per 45 ± 10 blue stragglers. As 
more of such systems are being identified, the frequency 
of contact binaries among blue stragglers can be used 
to co nstrain their currently unknown forma tion scenario 
(e.g., iMateo et al1ll990t iBeccari et aHl2008D. 

V24 - V24 was discovered by iCorwin et al.l (|2004f ) 
and classified as an RR1. Low-a mplitude variables 
are d ifficult to identify an d class ify ([Kinman fc Brownl 
I2010T ) . and iHoffman et al.l <|2009f ) point out that espe- 
cially without color information and higher-precision 
photometry, the W Ursae Majoris type variables (W 
UMa) and RR1 variables cannot easily be differenti- 
ated. Our photometry of V24 suggests that this star 
is too bright to be an RR1 variable belonging to the 
cluster, and therefore it may be a field W UMa or 
an ellipsoidal binary. Figure [H] shows that this star 
has a noisy, roughly sinusoidal light curve, character- 
istic of many W UMa stars, which are known to have 
light curves with shapes and average bright ness levels 
that vary from one season to another (e.g.. Ivan't Veer! 
19911: iRucinski fc Paczvnskil 120021: iBorkovits et al.l l2005l: 
Hoff man et al.l 120061: iPribulla fe Rucinsil I2006D . The or- 



bital period fo und is in good agreement with tha t of W 
UMa systems (|Stepien et al.ll200lURucinskill2007ft . How- 
ever, the amplitude is decreasing when going from B to 
/ (see Table 2), which is not a feature of W UMa stars. 
This star could also be a foreground RR1 star. 

V24 is situated well within the 0'8 half-light radius of 
the cluster, so blending is always a possibility. However, 
if blending has brightened the star by 0.75 mag, then the 
blending companion must be as bright as the variable. 
From the HST thumbnail, such a large amount of blend- 
ing is almost certainly not the case. We therefore still 
believe this star is too bright to be an RRL. On the other 
hand, the ratty light curve suggests that there could be 
some photometric problems, although we were unable to 
find a correlation between the magnitude offset and the 
seeing. The stars' chi and sharp indices are reasonable 
as compared to the other varia ble stars presented h ere. 

VI 3 - VI 3 was discovered by ICorwin et al.l (|2004l ) and 
tentatively classified as an RR1, although they noted 
that it might be RR2 (i.e., a second-overtone RRL) or a 
W UMa- type eclipsing binary. As with V24, this star is 
too bright to be an RRL belonging to the cluster, and 
may be a field W UMa, a field ellipsoidal binary or a field 
RR1. Its light curve is shown in Figure HU This star 
lies —7' from the center, and is one of the most distant 
variables from the cluster center. As there are no stars in 
its immediate vicinity, it is almost certainly not blended, 
unless it is a real binary (separation <<0.5 arcsec, in a 
region where the mean separation between stars is tens 
of arcseconds). 

8.1. Are VIS and V24 cluster members? 

As V13 and V24 lie well within a 8' radius from the 
cluster center and have colors and magnitudes within 
the range of 15.4 > V > 16.5 and 0.7> (B-I)>1.5, this 
distance, magnitude and color range is used to obtain 
a rough estimate on the likelihood of finding such field 
variable stars in the NGC 2808 vicinity. Our observations 
include —140 stars with the above specified parameters, 



two-thirds of those stars lying closer than 2' from the 
cluster center. This is similar to the number of disk stars 
predict ed from simulated star counts from the Besangon 
model (|Robin et al.ll2003[ ). W UMa binaries occur in our 
solar neighborhood with an apparent frequency of one 
binary among a bout 500 single stars in the Galactic disk 
(|Rucin ski 2006). Therefore, although unlikely, it is ten- 
able to find a field W UMa with a magnitude and color 
similar to V13 and V24. However, it is suspicious for two 
W UMa stars with such similar colors and magnitudes 
to be found in the field of NGC 2808. V13 and V24 have 
V magnitudes that are —0.5-0.8 mag brighter than the 
RR Lyrae stars and colors that place them within the 
red and blue edges of the RR Lyrae instability strip (see 
Figure [3]) . These features are reminiscent of Anomalous 
Cepheids (ACs). In a system such as a dwarf spheroidal 
galaxy, ACs are —0.5 mag brighter than RR Lyrae stars 
at periods of —0.3 d, and the more luminous ACs with 
)eriods -2.0 days are —2.0 mag brighter than RRLs 
Cox fc Proffitt1[l986l: IBono et al.lll997al: iMarconi et al.l 



2004). 

If V13 and V24 are cluster members and assuming that 
the RRLs have absolute magnitudes of Mv,rb,l=®-70 
(see §4.1), the absolute magnitudes of t hese stars are 
My — 0.2 mag. Figure [TS1 taken from IMarconi et al.l 
(2004), shows the data for well- recognized ACs in dwarf 
spheroidal galaxies using the distance moduli provided 
by the various authors (see Marconi et al. 2004, for ref- 
erences). V13 and V24 have shorter periods and smaller 
amplitudes than the majority of the ACs in these galax- 
ies, although such ACs may also be the most likely missed 
when looking at the compar atively great dista nces to 
the dwarf spheroidal galaxies. iChiosi et al.l (|1993l ) derive 
mass-period-luminosity-color relations in the BV and VI 
passbands for Cepheids, resulting from pulsation theory 
alone. From their theoretical calculations, we derive log 
T eff of -3.73 and M of ~1.5M Q for V13 and log T eff 
of -3.73 and M of ~1.OM for V 24, in good agree- 
ment with those fou nd for ACs (e.g., IBono et al.lll997at 
IMarconi et alJl2~004h . However, as clearly seen, V13 has 
a period that is quite different from an AC, placing this 
star outside the limits of the instability strip for its lu- 
minosity. Although ACs have been observed in many 
nearby Local Group dwarf galaxies, independent of their 
morphological type, only one or two ACs are known in 
Galactic G Cs (V19 in NGC 5466, and possibly V7 i n 
NGC 6341, iZinn fc Dahnl ITiM iMatsunaga elatl I2006T) . 
We note that the light curve of V13 is similar to the AC 
in NGC 5466, with a brighter and a fainter sinusoidal 
curve varying symmetrically with each other. 

V13 and V24 may also be BL Her variables, especially 
since BL Her stars tend to reside in GCs with extended 
blue tails on the HB, like NGC 2808 Ce.g. iHarrisI fl985l 
Sweigart fc Gross! 119761: IBono et al.1 11997H iWallerstei: 
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2? 



Catc lan et al. 2009). However, again the periods 



of V13 and V24 are inconsistent with BL Her variability 
(—0.2 days versus the typical BL Her period range of 1 - 3 
days). First-overtone BL Her stars are expected to have 
shorter periods and smaller amplitudes, but FO models 
are see n to "snuggle right up" to t he fundamental pul- 
sators (iBuchler fc Moskalik [19921 : iMoskalik fc Buchlerl 
119931 : IBuchler fc Buchlerlll994D . "so periods in the range 
of —0.2 d may still be too short for FO BL Her variables. 
Quantitatively it is found that the blue edge for BL Her 
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first-overtone pulsation is only ^100 K from the funda- 
mental on e, producing a very narrow region of FO-only 
pulsa tion (jBuchler fc Moskaiik|[l992t iBuchler fc Buchlerl 
Il994f ). This resul t is also supported by up dated BL 
Her models from IDi Criscienzo et "all ((2008) . Lastly, 
first-overtone BL Her variables are though t to be bluer 
than their fundamental-mode counterparts (|Nemec et al.l 
I1994T) and V13 and V24 have colors similar to their 
fundamental-mode BL Her counterparts. 

We are unable to find a secondary period for V13 and 
V24 from our pres ent data, although w e cannot rule 
out the possibility. iSoszvhski et al.l (|2008l ) detected the 
largest sample of P2Cs and ACs outside the Galaxy, 
finding a surprisingly large group of P2Cs with low- 
amplitude secondary periodicities. More observations 
would be desirable for a more complete frequency anal- 
ysis for these stars. Spectroscopy would be useful to 
determine their radial velocities and therefore the prob- 
ability of cluster membership. Spectra may also be able 
to disentangle whether these stars are varying because 
of an orbiting companion or because of intrinsic effects 
such as pulsation. 



>: 




-VI 3 , 



RRLl 



M=1.3M„ 
M = 2.2Mq 
Sextans 
Fornax 
LMC 
And VI 
Leo 1! 
Draco 
Carina 
Sculptor _ 



-0.5 o 
log Period [d] 



1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 1 1 ' 1 


1 1 1 il 1 " 1 " 1 1 1 1 1 1 1 1 1 

A A A AA ■ 
. A & AA* 
* ^ A^^A A *? A A a 
A 

A 

A A 






: V13 


-A V A 

.V84* •* " : 



0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1 



Phase 

Fig. 14.— Phased BVI light curves of star V13 (right) and V24 
(right) observed in NGC 2808. 



9. DISCUSSION AND CONCLUSIONS 

We have presented the first calibrated BVI photome- 
try for 11 of the 18 previously classified RR Lyrae vari- 
ables in the multimodal-HB, split-MS globular cluster 
NGC 2808. Photometry of the other seven was hampered 
by the extreme crowding present within the cluster, and 
space-based observations are likely needed for the deter- 
mination of calibrated light curves for these stars. At 
least two of these stars are too bright to be RR Lyrae 
variables, leading to a revision of the probable number 
of RR Lyrae stars to 16 and a specific RR Lyrae fraction 
of S f?ff =2.8. Here, S rr = N RR x io°- 4 ( 7 - 5 + A M , where 
My=-9.39 (|Harrisl 11999, 2010 update) is the cluster's 



Fig. 15. — The observed Anomalous Cepheids in dwarf spheroidal 
galaxies as compared with the predicted edges of the instabil- 
ity strip in the My -logP plane, from equations 5 and 6 of 
IMarconi et a l. (2004). The dashed line indicates the predicted IS 
at 1.3M0 and the solid line at 2.2Mq. To account for the occur- 
rence of first-overtone pulsators, the blue limit is shifted by <51og P 
= -0.13 d. The NGC 2808 variables V13 and V24 are also shown, 
assuming they are located at the distance of the cluster. 




Phase 



Fig. 16. — Phased BVI light curves of the eclipsing binary V30 
observed in NGC 2808. 

integrated absolute magnitude in V. 

We have derived pulsational parameters for all the RR 
Lyrae variables. Five of the 16 have periods consistent 
with first-overtone pulsators, and eleven have periods 
consistent with fundamental-mode pulsators, although 
the light-curve fit to our data for some of the RR0 stars 
is noisy (i.e., V17, V19, V21, V25). Our adopted periods 
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for these stars seem to be a reasonable compromise. The 
mean periods of the RRO and RR1 variables are < Po > 
= 0.56±0.01 days and < Pi >= 0.30±0.02 days, respec- 
tively, and the number ratio of the RRl-type variables to 
the total number of the RRL-type variables is Ni/Nrr 
= 0.3. Using the period-amplitude diagram, the Ooster- 
hoff type of NGC 2808 is that of an Ool cluster, which 
is expected considering the RR Lyrae mean periods as 
well as the fairly high metallicity of NGC 2808 ([Fe/H] 

1.14 dex; Harris 1996, 2010 edition). On the other 

hand, the number ratio of RR1 to total RR Lyrae stars 
is on the high end of typical Ool-type clusters. 

The mean magnitude for the RRLs is my,RR, = 16.21 
± 0.04 mag, and the reddening from their minimum 
light colors was determined to be E(B-V) = 0. 17±0.02 
mag, in agreement wit h previous studies (e.g., iWalkerl 
I1999L iBedin et all l^OOO). Using the r ecent recalibration 
of the RR Lyrae luminosity scale by iCatelan fc Cortes! 
(2008), the RR Lyrae variables have absolute magni- 
tudes of My=0.70±0.13 mag. This leads to an RR 
Lyrae distance of (m — M)v rrl=^5.57±0.13 and adopt- 
ing E(B-V)=0. 17 mag, (m-M) „Rnz,=15.04±0.13 mag. 

From the comparison of theoretical ZAHB sequences 
with observations, we find that most RRLs have a mass of 
M=0.57-0.60M© and that the the RRL IS is well matched 
by models with standard He values (Y =0.248 in this 
case). That the NGC 2808 RRL are not He enhanced is 
also supported by their derived U-amplitudes and peri- 
ods. Their pulsational properties are similar to the RRL 
in M3, a cluster in which any heliu m enhancement is ver y 
likely less than 0.01 along the HB (jCatelan et al.ll2009D . 
In fact, all of the RRL have Ool-type characteristics and 
do not show large period shifts (see Figure [6]), such as are 
expected for RRL with high luminosities indicative of He- 
enrichment (iSweigart fc Catelanlll998tlPritzl et al.ll2002fc 
Sollima et al.l 120061 : iMarconi et all 120 lit iKunder et al.l 
20121) . 

Still we are hesitant to associate the RR Lyrae stars 
with the red HB. This is largely because it is unclear 
what enhancement in the He abundance to expect for a 
given level of [O/Fe] depletion and [Na/Fe], [Al/Fe] en- 
hancement, (see Catelan 2012, for a recent discussion). 
For example, iMarcolini et al.l (|2009[ ) show that there is a 
wide range of possible He values for the same predicted 
[O /Fe] depletion level - including some very small He en- 
hancement, of order ^0.01, for [O/Fc] < —0.5 (see their 
Fig. 16). It is therefore not impossible that the RR Lyrae 
stars are indeed associated with the hotter HB compo- 
nent of the cluster, but with a level of He enhancement 
that is just too small to manifest itself clearly in our data. 

Except for one, all of the RR Lyrae variables stud- 
ied, both the fundamental and first-overtone, show evi- 
dence of light curve modulation. This is abnormal and 
may be partially due to inaccuracies in our ground based 
photometry and/or the Blazhko effect. The precision 
of our photometry is sometimes 0.05 mag, for the most 
crowded RR Lyrae stars, making it difficult to confirm or 
refute Blazhkocity in the variables. Space based obser- 
vations, image subtraction software and more photom- 
etry would help shed light on which stars are Blazhko 
stars and which are affected by crowding/blending is- 



sues, large period change rates, double-mode pulsation 
or the period doubling phenomenon. If the variables 
in NGC 2808 are confirmed as Blazhko stars the un- 
usually high Blazhko ratio would be similar to that of 
NGC 5024 (M53), a GC hosting one of the largest per- 
centages of Blazhko variables, 36% and 66% of the total 
popul ation of RRO and RR1 star s in the cluster, respec- 
tively (Arellan o Ferro et al.tf 2012'). However, unlike M53, 
NGC 2808 is relatively metal-rich. A high percentage of 
Blazhko stars in a metal-rich system would be in contrast 
to the suggestion of a correlation between the occurrence 
of the Blazhko effect and metallicity. 

Our observations were insufficient to discern the nature 
of two variable stars, V13 and V24. These two stars are 
~0.8 mag brighter than the RR Lyrae variables, have 
colors that place them near the red edge of the RRL IS, 
and have noisy light curves. Their periods of ^0.2 days 
make it difficult to classify these stars as either ACs or 
BL Her stars. However, statistically it is curious to find 
two field W UMa variables or ellipsoidal binaries with 
similar colors and magnitudes to not only each other, 
but also to the NGC 2808 RRL and BL Her stars. 

NGC 2808 has been tentatively associated with the Ca- 
ms Major dwarf spheroidal galaxy. The RRL pulsational 
properties are somewhat unusual compared with bona- 
fide Galactic GCs, but unlike what is typically seen in 
the Galaxy's dwarf satellites (e.g., Catelan 2009a, and 
references therein), there is no evidence that NGC 2808 
is an Oosterhoff-intermediate GC. The reddening and 
distance modulus derived in this work are similar t o 
those previously accepted for the cl uster dHarrisl [l996'). 
and so the conclusions reached by iCrane et al.l (2003) 
and iForbes et al.l (|2004D regarding its possible associ- 
ation with this dwarf galaxy are not significantly af- 
fected by these new estimates. Although NGC 2808 is 
not particularly RR Lyrae-rich, it does harbor RR Lyrae 
variables, unlike the field stars located in Canis Major 
(|Kinman et al.ll200l IMaTeu et al.ll2009l ). IfV13andV24 
are shown to be ACs, this would suggest an extragalactic 
origin for NGC 2808, as ACs are found mainly in dwarf 
spheroidals and are very rare, though not unprecedented, 
in Galactic GCs. 

Two new candidate SX Phe stars and one new can- 
didate eclipsing binary in the blue straggler region of 
the CMD are found in the field of NGC 2808. The SX 
Phe and BL Her stars have typical pulsational proper- 
ties compared to other Milky Way GCs. From the three 
BL Her stars in NGC 2808, the distance to the cluster is 
(m - M)v,BLHer = 15.50±0.12 and from the two SX Phe 
stars, (m — M)v,sxPhe— 15.58±0.12 is found, in good 
agreement with the distance determined by the RRLs. 

We are grateful to Giuseppe Bono for helpful discus- 
sions regarding V13 and V24. M.C. and P.A. are sup- 
ported by the Chilean Ministry for the Economy, De- 
velopment, and Tourism's Programa Iniciativa Cienti'fica 
Milenio through grant P07-021-F, awarded to The Milky 
Way Millennium Nucleus; by the BASAL Center for As- 
trophysics and Associated Technologies (PFB-06); by 
Proyecto Fondecyt Regular #1110326; and by Proyecto 
Anillo ACT-86. 
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